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SOME  EXPERIMENTS  ON  THE  PROTEIN  PRECIPITATED  IN  THE 
PRECIPITIN  REACTION. 


LITERATURE. 

The  anti-bodies  known  as  precipitins  were  discovered  in  1897  by 

Bordet.  He  treated  rabbits  with  repeated  injections  of  cow's  milk, 

and  found  that  in  time  the  serum  of  the  animals  gained  the  property 

of  precipitating  a  protein  when  mixed  with  cow's  milk.  In  the  same 
(8) 

year  Kraus  found  that  by  immunizing  rabbits  to  different  bacteria, 
(b. typhosus, b.pestis, vibrio  cholerae),ho  could  obtain  a  pre- 
cipitate when  the  sera  of  these  animals  were   lix      vith  the  broth 
in  which  the  bacteria  were  grown,  or  with  a  saline  extract  of  the 
organisms  themselves. 

Soon  after  this,   similar  precipitins  were  obtained  by  the  in- 
jections of  blood  sera, white  of  egg,hemaglobin,  and  many  other 
proteins . 

(4) 

Bordet,  Kraus,  tfaeserman,  and  many  other  investigators  showed 
that  the  anti-sera  when  mixed  with  any  other  protein  besides  the 
one  used  for  injection,  would  not  usually  produce  a  precipitate, 
but,  if  a  precipitate  did  result,  it  would  not  be  so  large  as  if  it 
had  been  mixed  with  the  homologous  protein.  Thus  the  reaction  is 
specific  but  is  not  so  absolutely  specific  as  was  originally  be- 
lieved. Th  precipitins  for  human  milk  will  precipitate  the  milk 
of  cows  and  of  goats.  In  like  manner  the  precipitins  for  ox  se- 
rum will  act  on  the  serum  of  closely  related  animals  like  the 
sheep,  though  in  a  much  less  degree;  the  precipitins  for  dog  serum 
will  precipitate  the  serum  of  the  fox.  In  short,  this  sort  of  rel- 
ative specificity  was  found  to  be  a  general  law.  Th  power  of  an 
immune  serum  to  produce  a  precipitate  with  different  proteins  varies 


utuc 


( 6 ) 

with  the  phylogenetic  relationship.     Nutall  has  made  use  of  this  law 
as  a  basis  of  a  very  extensive  research  into  the  blood-relationship 
of  a  large  varieties  of  animals. 

The  kind  of  specificity  described  above  may  be  termed  a  biolog- 
ical one.     But  there  is  another  sense  in  which  a  precipitin  may  ex- 
hibit  specific  affinity  for  the  substance  to  which  it  owes  its  origin 
We  can  obtain  for  such  complex  protein  mixtures  as  blood  sera,  but 
also  independently  for  each  of  the  individual  proteins  of  which  they 

are  composed-  for  the  albumin  ,  the  euglobulin,   the  pseudo-globulin, 

(8) 

and  even  for  separate  fractions  of  these.     Michael is  and  Oppenheimer 
Linossier  and  Lemoine,  Rostock* ,  and  Hunter  have  found  that  the  pre- 
cipitin for  these  individual  proteins  are  also  relatively  specific. 
Besides  possessing  a  specific  action  in  relation  to  the  Bpecies  of 
animals  producing  the  protein  injected,  the  precipitins,  then,  possess 
also  a  specific  action  in  relation  to  the  chemical  properties  of  the 
particular  substance  employed.  This  may  be  called  chemical  or  mol- 
ecular specificity.     The  two  following  facts  enable  one  to  measure 
the  specificity  in  a  more  or  less  accurate  manner: 

(1)  The  anti-serum  will  give  a  larger  yield  of  precipitum  with 
the  protein  that  was  injected  than  with  any  other  protein. 

(2)  A  smaller  amount  of  the  protein  injected  than  of  any  other 
protein  is  nescessary  to  give  the  same  amount  of  the  precipitum. 

Because  of  this  specificity  though  only  relative,  the  precipitin 
reaction  has  found  many  practical  uses. 

Aschoff^  found  with  its  aid  that  the  albumin  in  human  nephritic 
ilbuminuria  is  originated  from  the  blood  and  not  from  the  kidney 
parenchyma.  He  injected  rabbits  with  human  blood  and  human  kidney 
when  he  mixed  albuminous  urine  with  both  kinds  of  sera  he  found 


that  only  those  treated  with  blood  yielded  a  precipitate. 

Kraus  suggested  the  use  of  the  precipitins  for  the  clinical  di- 
agnosis of  infectious  diseases,  especially  typhoid.  Precipitins  are 
developed  during  the  course  of  many  diseases  in  the  serum  of  the 
infected  animal,  and  when  mixed  with  the  broth  in  which  the  organ- 
isms were  grown,  will  give  a  precipitate.  This  test  has  not  found 
a  very  wide  use,  because  its  specificity  is  not  very  well  marked 
and  closely  related  organisms  give  reactions  not  easily  differen- 
tiated, and  because  agglutination  tests  are  more  easily  made  and 
with  less  complications.  A  good  example  is  the  Widal  test  for  typhoid. 

The  precipitins  have  been  widely  used  ,  also,  as  a  medico-legal 

(14)  (5) 
test  for  blood  stains.  Uhlenhuth  ^  waesenaann  and  Schutzefirst  in- 
stituted this  process.  Uhlenhuth  tested  ninteen  different  kinds  of 
blood  and  obtained  a  reaction  with  human  blood  only  on  adding  hu- 
man anti-serum  to  the  series  of  dilutions.  Moreover  he  found  that 
human  blood  which  had  dried  four  weeks  on  a  board,  could  be  readily 
distinguished  from  the  blood  of  the  horse  and  the  ox.  Wassermann 
and  Schutze  a  few  days  later  ,  reported  having  examined  twenty  three 
bloods,  none  of  which  reacted  to  human  anti-serum  except  human 

blood.     Bloods  of  different  species  of  animals  dried  on  knives, 
linen;etc,  when  dissolved  in  saline  solution    after  three  months 
and  cleared  by  filtration,  gave  specific  reactions. 

This  use  of  the  precipitins  has  figured  importantly  in  a  large 
number  of  medico-legal  cases  and  not  a  few  criminals  have  been  con- 
victed on  the  evidence  offered  by  it.  Too  much  caution,  however, 
cannot  be  exercised  in  such  application  of  this  reaction,  as  its 
Bpecificity  is  none  too  well  marked, 

Uhlenhuth  in  1901,  also  found  that  the  saline  extract  of  the 
different  organs  of  an  animal  would  give  a  positive  reaction  with 
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antisera,   The  reaction  then  may  be  used  in  the  detection  of  illeg- 
ally BUbatituted  meats. 
(15) 

Farnum  UBed  the  reaction  in  the  detection  of  semen.  He  inject- 
ed rabbits  with  the  semen  and  the  testicular  extract  of  dogs,  oxen, 
and  men  ,  and  found  that  when  either  the  semen  or  testicular  extract 
was  mixed  with  the  resulting  anti-serum,  a  preoipitum  which  was 
highly  specific  was  obtained. 

According  to  present  terminology  three  different  substances 
are  cor;  camed  in  the  precipitin  reaction: 

(1)  The  substance  used  for  immunization  is  called  precipitinogen. 

(2)  The  specific  constituent  of  the  immune  serum  is  called  the 
precipitin. 

(3)  The  precipitate  formed  when  the  precipitin  and  the  precip- 
itinogen are  mixed  is  called  the  preoipitum. 

The  precipitinogen  may  be  any  fluid  or  body  that  is  of  a  pro- 
tein  nature.  The  number  of  substances  which  has  been  used  is  large. 
It  consists  of  body  fluids  such  as  serum  ,  hydrocele  fluid,  semen, 
and  albuminous  urine,  organ  extracts  ,  bacteria,  and  individual 
proteins  whether  they  be  of  plant  or  of  animal  origin. 

The  precipitinogen,  often  referred  to  as  the  homologous  protein, 
is  a  very  resistant  body, since  boiling  for  a  short  time  and  exten- 
sive putrefaction  do  not  affecl  ^ 

Halban  and  Landsteiner  discovered  that  precipitinogen  when  in 
excess  has  the  peculiar  power  of  dissolving  the  preoipitum. 

The  precipitins, also, are  fairly  resistant  bodies,   they  are  not 
destroyed  when  heated  to  50-55  degrees  Centigrade,  for  one-half 
hour.  But  when  heated  to  72  degrees  for  one-half  hour  the  power  to 
form  a  preoipitum  is  lost,  and  cannot  be  regained  on  the  addition 


of  fresh  normal  guinea-pig  seru">.     From  these  facts,   Ehrlich  puts  the 
precipitins  in  the  second  order  of  his  classification  of  anti-bodioe. 
They  possess  two  groups*  The  first  is  the  haptophore  group  by  which 
it  unites  to  its  antigen  and  is  thermostable.  Tho  second  is  a  fer- 
ment 11^9  group  in  which  the  active  principle  resides.  It  is  com- 
parable to  the  toxophor  group  of  the  toxin  molecule  and  to  the  com- 
plementophor  group  of  the  complement,  and  is  fairly  ther^olabile . 
Analogous, also, to  these  bodiesprecipitins  are  converted  into  pre- 
cipitoids  by  the  action  of  heat  and  long  standing.  This  precipitoid 
when  mixed  with  unaltered  precipitinogen  and  this  mixture  is  added 
to  precipitin,  exerts  an  inhibitory  effect  because  the  haptophor 
and  can  unite  with  the  same  or  greater  facility  with  the  combin- 
ing group  of  the  precipitinogen  as  the  same  group  of  the  unaffect- 

oid 

ed  precipitin.  But  this  union  of  the  precipit  A  with  precipitin- 
ogen is  ineffective.  The  precipitoid  binds  up  the  combining  group 

of  the  precipitinogen  and  renders  it  inaccessible  to  the  active 
(16) 

precipitin. 

Attempts  have  been  made  to  produce  anti-precipitins  by  the  in- 
jection of  precipitins  without  clearly  successful  results  except 
in  a  few  cases.  It  seems  that  the  end  of  anti-body  production  is 
reached  here.  Kraus  and  Eisen         were  able  to  produce  an  anti- 
precipitin  by  treating  goats  with  goat  lacto-serum  obtained  from 
rabbits  which  had  been  treated  with  goats  milk.  They  found  that 

anti -lacto-serum  prevented  the  precipitation  of  goat  milk  by  lacto- 
(17) 

serum.     Schut&e  alaQ  succeddQd  in  obtaining  an  anti -lac to Be rum 
which  prevented  or  retarded  the  precipitation  of  milk  by  homo- 
logous anti-serum.  But  other  than  anti-lactoserum  no  antiprecipi- 
tins  have  been  discovered.  This  inability  to  produce  anti-anti -bodies, 
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is  shared  somewhat  by  the  agglutinins.  The  peculiarity  may  be  due  to 
some  characteristic  of  the  haptophor  group. 

Iso-precipitins  or    precipitins  which  precipitate  the  s^rum  of 
animals  of  the  same  species  seem  to  have  been  observed  by  Schutze. 
He  injected  thirty-two  rabbits  with  the  serum  of  other  rabbitB  and 
found  that  of  this  number  only  two  reacted  with  ttoe  rabbit  serum. 
Thi3  reaction  was  highly  specific. 

Even  more  futile  has  been  the  attempt  to  producu  auto-precip- 

itins.  Such  precipitins  are  supposed  to  precipitate  the  serum  of 

(18) 

the  animal  which  furnished  the  anti-body.  Ascoli  claims  to  have 
observed  them  in  normal  sera,  but  no  other  data  has  been  secured. 

The  precipitin  reaction  takes  place  best  at  37  degrees  C  enti- 
grade,  but  the  influence  of  temperatures  between  zero  and  thirty 
seven  degrees  is  not  as  marked  with  the  precipitins  as  in  other 
antibodies.    Linossier  and  Lemoine  have  found  that  the  concentra- 
tion of  salts  in  the  medium  of  the  precipitin  reaction  exerts  an 
effect  on  the  action.  The  optimum  concentration  is  that  of  a  med- 
ium which  is  approximately  that  of  a  0.9$  sodium  chloride  solution. 

The  precipitation  may  take  place  immediately  after  mixing  the 
substances  required.  The  fluid  becomes  opalescent  , and  a  flocculent 
precipitate  is  formed.  The  precipitation  may  require  several  hours 
and  even  two  or  three  days  for  its  completion.  It  has  often  been 
noticed  that  precipitation  occurs  in  two  phases.  The  first  occurs 
in  the  first  four  or  five  hours  and  settles  down  in  a  firm  dense 
layer  often  colored  with  hemoglobin  which  may  be  in  the  anti-aerum. 
The  second  phases  follows  immediately  after  the  first.  It  forms  a 
layer  lighter  in  density  upon  the  first  one  and  is  uncolored.  The 

two  layers  are  sharply  contrasted. 
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When  the  precipitation  is  completed,   the  supernatant  fluid  will 
be  found  to  contain  both  anti-serum  and  anti -gen, because  the  addi- 
tion of  either  one  causes  a  precipitate.     The  precipitin  reaction 
resembles  a  chemical  equilibrium,  but  differs  from  it  in  the  fact, 
that  the  removal  of  the  end  product,   the  precipitum,  does  not  carry 
the  reaction  to  com^lei?on5 19 ^ 

Recently  much  attention  has  been  called  to  the  relation  between 
the  precipitation  reaction  and  the  anaphylaxis  reaction.  The  chief 


(20)  (21)  122) 

rger.  Nicolle, Doerr  and  Rut 


workers  in  this  field  are  Friedberger,  Nicolle, Doerr  and  Rues  and 

(23)  ' 
Doerr  and  Moldovan.  The  relations  between  the  reactions  are  suggest*- 

od  by  two  facts: 

(1)  The  resemblance  of  theantigens  and  the  resemblance  of  the 
methods  of  producing  the  anti -bodies  concerned.  A  small  amount  of 
protein,  as  small  as  O.OOOOOlcc.  is  injected  for  sensitization  in 
the  anaphylaxis  reaction,  while  a  larger  amount  is  injected  for  the 
production  of  precipitins.  But  it  has  recently  been  shown  that  the 
difference  in  amount  is  to  be  chosen  arbitrarily,  merely  for  con- 
venience, as  sensitization  to  the  anaphylaxis  reactiocan  be  obtain- 
ed just  as  well  witha  large  amount  of  protein  as  with  a  small  amount 
except  that  it  requires  a  much  longer  time  for  sensitization.  On 

the  other  hand  Doerr  and  Moldovan  found  that  a  lack  of  adequate  means 
only, prevented  the  demonstration  of  precipitins  in  the  sera  cf  animals 
sensitized  to  the  anaphylaxis  reaction. 

(2)  There  is  a  relation  between  free  precipitins  and  acquired 
immunity  to  anaphylaxis.  It  has  long  been  recognized  that  the  same 
treatment,  repeated  relatively  large  injections  of  protein, which 
render  an  animal  immune  to  anaphylactic  shoc'c,  also  favors  the  form- 
ation of  free  precipitins  for  the  antigen  in  the  blood  of  the  animal. 
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(25) 

Doerr  and  Rubb  and  Anderson  and  Frost  found  that  if  the  ssrum  of 
a  guinea-pig  sensitized  to  the  anaphylaxis  reaction  was  mixed  with 
its  antigen  in  vitro,   it  could  not  be  used  to  immunize  an  animal 
passively  to  the  anaphylaxis  reaction. 

Based  on  these  facts  two  theories  have  been  formulated  to  ex- 
plain the  relationship  between  the  precipitins  and  the  anaphylaxis 
antibody, one  by  Friedberger  and  one  by  Nicolle. 

Friedberger  '  s  theory  briefly  is  as  follows:     When  a  foreign 

protein  is  injected  into  ar.  animal,  it  reacts  by  forming  specific 
combining  receptors.  If  the  amount  injected  is  small  as  in  sen- 
sitizing to  the  anaphylaxis  reaction  these  receptors  remain  at- 
tached to  the    cells  arA  are  sessile.     Greater  stimulation  by 
repeated  injections  of  larger  amounts  of  the  proteins,  causes 
a  large  excess  of  the  same  specific  receptors  to  be  thrown  off 
into  the  blood  stream  .These  receptors,  whether  sessile  or  free, 
are  identical  with  the  precipitins    or  anaphylaxis  anti-body  which 
is  demonstrable  in  the  blood  of  suitably  treated  animals.  The  pre- 
sence of  free  an ti -bodies  in  the  blood  renders  the  animal  immune 
to  the  anaphylaxis  reaction,  but  free  antibodies  are  hescessary 
for  the  precipitin  reaction.  The  free  receptors  combine  with  all 
the  free  antigen  injected  into  the  blood  stream,  and  prevents 

it  from  combining  with  the  sessile  receptors,  such  combination 
being  nescessary  for  anaphylactic  shock.  He  says,  further  ,  that 
sensitized  serum  contains  enough  free  anti-body  to  immunize  pas- 

Bively  an  animal  though  insufficient  to  cause  a  visible  precipi- 
tate in  vitro .  The  passive  immunization  is  brought  about  by  the 
fixation  of  free  receptors  to  the  somatic  cell,  which  ia  the  con- 
dition for  anaphylactic  sensitization. 


g 


When  precipitation  occurs  the  precinitum  consists  of  a  mix- 
ture of  antigen  anrl  precipitin,  (  it  is  doubtful  whether  they  are 
in  chemical  combination),  and  if  the  "mixture"  is  injected  into 
the  body  of  an  animal  the  conditions  for  anaphylactic  shock  are 
produced,  namely, the  presence  of  antibody  which  soon  becomes  fix- 
ed to  the  body  cells  ,and  of  antigen  which  combines  with  the  fix- 
ed receptors.  Doerr  and  Rubs  were  able  to  obtain  such  a  reaction. 
They  dissolved  the  precipitate  in  a  weak  soda  solution  before  in- 
jection. Apparently  this  is  nescessary  for  the  reaction,  because 
the  injection  of  the  washed  precipitate  suspended  in  salt  solu- 
tion will  have  no  effect.  This  fact  suggests  the  probability  of 

combination. 

the  precipitins  being  in  a  weak  chemical  oolution  with  theproteins 
of  the  serum  from  which  it  is  released  upon  slight  hydrolysis 
with  sodium  bi -carbonate . 

The  second  theory,  advanced  by  Nicolle,  i3  tfca:  the  body  re- 
acts to  the  injection  of  a  foreign  protein  by  the  formation  of  two 
distinct  and  specific  anti-bodies,  an  albumino-lysin  and  an  al- 
bumino-coagulin.  The  albumino-lysin  splits  up  protein  matter  in 
the  normal  process  of  assimilation. This  reaction  results  in  the 
production  of  endotoxins  which  may  become  harmful  if  produced 
rapidly  and  in  large  amounts.  The  albumino-coagulin  acts  on  the 
protein  by  making  it  more  concentrated, and, therefore  less  sus- 
ceptible to  the  action  of  the  albumino-lysin.  The  relative  amounts 
of  these  anti-bodies  depend  upon  ,  first,  the  amount  of  protein 
injected,   second, the  nature  of  the  protein,  and  , third,  the  na- 
ture of  the  animal.  If  a  small  amount  of  protein  is  injected, 
there  is  more  albumino-lysin  formed  than  of  the  albumino-coag- 
ulin ,  and  when  another  large  amount  is  injected  it  acts  quickly 


on  the  protein  with  the  formation  of  a  large  amount  of  the  toxins 
If  a  large  amount  is  injected  first  more  albumino-coagulin  ie 
formed  which  renders  a  subsequent  large  dose  of  protein  insus- 
ceptible to  the  albumino-lyBin.  The  albumino-coagulin  may  act  in 
vijtro  producing  a  precipltum.  Nicolle  says  the  first  process  ia 
what  happens  in  anaphylaxis  sensitization  and  intoxication  ,  the 
albumino-lysin  being  the  anaphylactic  anti-body;  the  second  pro- 
cess is  what  happens  in  the  precipitin  reaction  and  in  acquired 
immunity  to  the  anaphylaxis  reaction.     The  albumino-coagulin  is 
the  precipitin  anti-body. 

He  says  further  that  the  anaphylaxis  anti-body  resembles  the 
hemolysin  and  requires  complement. 

Nicolle  uses  as  evidence  for  his  theory  the  following: 

(1)  The  analogy  between  the  production  of  lysine  xni  coagulim 
(agglutinins)  upon  the  injection  of  bacteria  and  other  cells. 

{2)  When  normal  guinea-pig  serum  is  treated  for  a  short  time 
with  precipitin  it  becomes  toxic.  Nicolle  explains  this  phenome- 
nonby  saying  that  some  albumino-lysin  is  carried  down  with  the 
precipitum  and  it  acts,  with  the  aid  of  the  complement,  upon  the 
antigen  held  in  the  precipitum  and  splits  it  into  its  toxic  and 
non-toxic  parts  which  are  soluble  in  the  guinea-pig  serum. 
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EXPERIMENTAL  DATA. 
Introduction:         In  all  the  literature  on  the  precipitin  re- 
action it  has  been  generally  accepted,  with  experimental  oasis, 
that  the  main  bulk  of  the  precipitum  is  made  up  from  the  homol- 
ogous protein,  which  has  been  termed  on  the  basis  of  this  suppo- 
sition'   the  precipitable  substance".  No  opposition  to  this  concep- 
tion  arose  until    in  1906,  when  Welsh  and  Chapman     Bnowed  that  thQ 
chief  source  of  the  precipitum  was  not  the  homologous  protein  but 
the  anti-serum  itself.  They  showed  that  quantities  of  the  homol- 
ogous proteintoo  small  to  yield  an  appreciable  precipitat  with 
ordinary  protein  precipitants  ,  would  yield  quantities  of  precip- 
itum, with  the  proper  anti-serum,  which  were  larger  than  could  be 
accounted  for  from  the  homologous  protein  solution  alone*  The  amount 
expressed  in  grams  was  always  more  than  twice  the  weight  of  the  pro- 
tein in  the  homologous  protein  solution  used. 

But  even  after  obtaining  this  large  excess  of  precipitum, 
Welsh  and  Chapman  showed  that  all  the  homologous  protein  was  not 
used  ,  and  when  a  second  quantity  of  anti-serum  was  added  a  pre- 
cipitum was  obtained, the  weight  of  which  was  also  greater  than  that 
of  the  homologous  protein  in  the  solution. 

These  investigators  , assured  from  these  facts  that  the  reaction 
between  the  anti-serum  and  the  homologous  protein  was  not  one  of 
chemical  combination  ,   suggested  that  the  homologous  protein 
played  the  part  of  a  catalytic  agent.  In  this  role  it  cause  a 
nolecular  rearrangement  in  the  anti-serum  with the  result  that  a 
protein  is  thrown  cut  of  solution. 

In  our  investigation  into  the  nature  of  the  precipitum  ,  our 

work  has  been  along  three  lines, volumetric  ,  gravimetric,  and 
Diological ♦ 


The  graYimetrio  experiments  were  merely  a  repitition  of  those 
of  Welsh  and  Chapman.  A  known  weight  of  egg-white  was  added  to  a 
large  amount  cf  Its  anti-serum  and  when  the  precipitation  was 
complete  the  precipitum  was  weighed. 

in  the  volumetric  experiments  we  obtained  the  nitogen  content 
of  a  definite  amount  of  egg-white solution  and  of  the  precipitin 
resulting  from  mixing  the  rame  amount  of  egg-white  with  its  anti- 
serum. 

Previous  investigators  have  found  that  if  an  animal  is  sensi- 
tized with  a  small  amount  of  protein,  the  protein  *ith  which  the 
animal  will  react  upcn  the  injection  of  a  toxic  dose,  must  either 
be  identical  with  or  closely  related  to  the  protein  that  was  used 

for  sensitization.*        We  used  this  fact  to  study  the  origin  of 
* 

the  precipitum- .We  sensitized  guinea-pigs  with  precipitum,  and  found 
whether  the  anti-serum  or  the  homologous  protein  was  toxic  for  such 
animal s . 

*    We  believe  that  the  protein  causing  a  decided  intoxication  is 
identical  with  the  protein  used  for  sensitization. 

Methods  t     (A)  Immunization  and  preparation  of  Serum. 
For  immunization  full  grown  rabbits  were  used  .  About  thirty 
cubic  centimeters  of  egg-white  were  injected  intraperi toneally 
once  a  week  for  four  weeks.  The  egg-white  was  forced  into  the 
cavity  with  compressed  air.  The  animal  suffered  very  little  from 

after  reaction  though  inthe  whole  course  of  the  immunization 

they  usually  lost  weight.  An  anti-serum  of  fairly  high  titre  was 

obtained  ,  but  by  no  means  as  high  as  that  obtained  by  some  investi- 
gators.  
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Ten  days  after  the  last  injection,   the  rabbits  were  bled  to 
death  from  the  carotid.  The  blood  was  collected  into  sterile  test 
glasses  and  when  clotted  was  loosened  from  the  sides  of  the  vessel 
and  allowed  to  stand  over  night.  The  serum  next  day  was  drawn  off 
and  centrif ugated  to  remove  the  few  corpuscles  remaining. 

(B)     Preparation  of  Homologous  Protein. 

A  one  per  cent  nolutior  of  egg-white  was  made  in  a  0.9$  sod- 
ium chloride  solution  and  sterilized  by  filtering  through  a  Berk- 
efeld  * ilter.  The  solution  was  stored  in  small  sterilized  Florence 
flasks . 

(C)  Gravimetric  Experiments. 

Serum  of  one  rabbit  in  each  case  was  mixed  with  twenty  cubic 
centimeters  of  the  egg-white  solution  and  after  thorough  mixing 
was  incubated  at     thirty  seven  degrees  for  twelve  hours.  The  precip- 
itin was  centrif ugated  out  and  washed  with  0.9#  sodium  chloride 
solution,  until  the  washings  were  free  from  soluble  proteins  as 
indicated  by  Heller's  ring  test.  The  precipitin  was  then  washed  with 
absolute  alcohol  and  finally  with  absolute  ether.  It  was  then  trans- 
ferred bodily  to  a  weighed  crucible, and  the  ether  allowed  to  evap- 
orate spontaneously.  The  crucibles  were  then  heated  to  fifty  de- 
grees for  intervals  of  one  hour  until  constant  weight  was  obtained. 

Twenty  cubic  centimeters  of  the  egg-white  solution  were  meas- 
ured into  a  test  glass  and  the  protein  precipitated  by  one  hundred 
cubic  centimeters  of  alcohol  and  a1  lowed  to  stand  for  thirty  six 
hours.  The  precipitated  out,  washed  with  absolute  ether  and  placed 
in  a  weighed  crucible.  After  drying  it  was  heated  to  fifty  degrees 
and  weighed  to  a  constant  weight. 
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(D)  Volumetric  Experiments. 

Twenty  cubic  centimeters  of  a  one  percent  ogg-white  solution 
were  digested  and  distilled  according  to  the  Kjeldahl  method.  The 
same  amount  of  egg-white  was  mixed  with  its  anti-serum  and  incu- 
bated with  its  anti-serum  for  twelve  hours.  The  precipitum  was 
centrifugated  out,  washed  free  from  soluble  protein,  and  its 
nitrogen  content  determined  by  the  Kjeldahl  method. 

(E)  Biological  Experiments. 
_  .  .  si 

Guinea-pigs  were  sen^ized  with  small  amounts  of  precipitum. 
It  was  either  suspended  in  0.9$  sodium  chloride  solution,  or 
;  dissolved  in  weak  sodium  carbonate  solution,  and  injected  intra- 
peritoneal^. At  first  the  method  of  dissolving  in  weak  sodium 
carbonate  was  used,  but  such  a  solution  caused  immediate  death 
from  anaphylactic  shock.  Such  results  were  obtained  also  by  Doerr 
and  Rues.  After  thirty  days  for  sensitization,  one-half  the  lot 
were  injected  with  a  heavy  dose  of  egg-white,  andthe  ether  half 
with  a  heavy  dose  of  rabbit  serum.     Those  that  did  not  react 
.vere  reinjected  the  following  day  with  the  other  substance.  As 
controls  guinea-pigs    were  sensitized  with  egg-white  and  with 
rabbit  serum,  and  given  an  intoxicating  dose  as  were  the  above 
guinea-pigs.     Normal  guinea-pigs  were  treated  with  egg-white  and 
rabbit  serum  in  quantities  equal  to  the  toxic  dose  used  above. 


■  —  _ 
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RESULTS. 

I  Gravimetric  Experiments . 

No.  of  Exper't.       Wt.  of  homologous  Weight  of  precipitin. 

protein. 

1  0.0257     gms.  0.0573  gme. 

2  0.0248      "  0.0580  "I 
II  Volumetric  Experiments. 

No. of  ExperH             Wt.  of  Nitrogen  of  wt>of  Nitrcgen  of 

homologous  protein,  the  precipitum. 

1  0.0025    gms.  0.0030  gms, 

2  0.0025  0.0032  " 

3  0.0025     "  0.0031  :: 

4  0.0028  0.0064  " 
III  Biological  Experiments. 

Guinea-pig.  let.  injection.  2nd.  injection.  Result.  3rd  injection. 

1  lcc.  of  sol. of      3cc.  egg-white,  none.       3cc  rabbit 
p'ptum  in  Na2C03  serum. 

2  Do.  3cc.  rabbit        severe  ........ 

serum  symptoms 
recovery 

3  Do(2cc  used)     3cc  egg-white,  none  3cc  rabbit 

serum. 

4  Do.  3cc  rabbit  death  

serum. 

5  2cc  suspension  of  2cc  rabbit  death  

p'ptum  in  0.9$  serum. 

Nacl . 

Do.  3cc  egg-white,  none.        2cc  rabbit 

serum. 

7  lcc  1$  egg-white  3cc  rabbit         none  3  :cegg-white 
in  0.9%  Nacl.  serum. 

8  lcc  1%  rabbit  3cc  egg-white  none.        3cc  rabbit 

in0.9^  Nacl.  serum. 

9  2cc  Normal  rab-    none.   

bit  serum. 


Results. 

slight  but  de- 
cided reaction' 


death. 


death, 
death. 


severe  symptoms 
recovery . 
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Summary  and  Conclusions. 
We  have  shown  as  have  also  Welsh  and  Chapman  that  the  main  bulk 
of  the  precipitum  is  derived  from  the  anti-serum  becauee  by  gra- 
vimetric means  we  found  that  there  was  a  greater  weight  of  pro- 
tein than  could  be  accounted  for  in  the  homologous  protein  solu- 
tion and  by  volumetric  means  that  there  was  more  nitrogen  in  th© 
precipitum  than  in  the  homologous  protein  used. 

We  have  shown  that  the  precipitum  doos  not  come  from  the  hom- 
mologous  protein,  and  we  can  show  definitely  from  what  it  does 
come  by  means  of  the  anaphylaxis  reaction. 

Thespecif icity  of  the  anaphylaxis  reaction  is  very  marked 
If  an  animal  is  sensitized  with  one  protein  ,  only  those  proteins 
which  are  identical  with  this  protein  will  be  toxic  for  the  animal 
We  have  here  , then,  a  means  of  studying  the  relation  of  the  precip 
i turn  to  the  anti-serum  and  the  homologous  protein. 

Prom  our  experiments  we  find  that  if  a  guinea-pig  is  sensiti- 
zed to  precipitum  and  is  given  an  intoxicating  dose  of  anti-serum 
or  homologous  protein,  it  will  react  only  to  the  antiserum. These 
same  results  were  obtained  by  Doerr  and  Mo 1 do van  when  studying  the 
relations  of  albumins  to  precipitins. 

Wg  conclude  from  these  facts  that  the  anti-serum  ie  the  source 
of  the  precipitum,  because    the  weight  of  the  precipitum  may  be 
greater  than  that  of  the  homologous  protein;  more  Nitrogen  may 
be  present  in  the  precipitum  than  in  the  homologous  protein;  and 
the  anaphylaxis  reaction  ehows  that  the  source  is  the  rabbit  serum 
and  not  from  the  egg-white. 
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